Aim: The main objective of the paper was to calculate social savings (and consumer surplus) of innovation on the example of railroads in Germany for 1985. The railways were among the most important innovations in the nineteenth century. Being aware of the limits of the social savings technique, the author included the concept of consumer surplus in his calculation Design / Research methods: For the purpose of the research, the author used the concept of social savings proposed by Robert Fogel and consumer surplus.
Introduction
The role of technological innovations in creating economic growth can hardly be overestimated. Numerous examples of technological changes can be cited, depending on the period studied, which affected both the growth rate and rising standards of living.
The development of transport, including that of railroads, was certainly crucial to building the capitalist order of the nineteenth century given that transport was what, on the one hand, determined the rapid growth of other industries of the national economy, with this rapid growth, on the other hand, calling for more efficient modes of communication.
The railroad, being one of the most important innovations during the technological revolution, has frequently been the subject of research. In this respect, the studies launched in the 1960s proved to be critical as they contributed to the emergence and development of a new paradigm, New Economic History 1 . In seeking to verify the long established theorems and commonly accepted truths, scholars associated with this research stream use historical statistical data in order to investigate them in-depth by employing econometric methods. The belief that railroads, as a novel means of communication, played one of the most crucial roles in the economic development of Europe and the USA was just such commonly accepted truth (Fishlow 1965; Fremdling 1985; Voss 1960; Myszczyszyn 2013 ). This view was, however, altered by Fogel's work Railroads and American economic growth. Essays in econometric history (Fogel 1964) .
Hence the main aims set by the present author are as follows: -to show the usefulness or usability of the social saving measure, including consumer surplus, in the assessment of the impact of the rail sector on economic growth of the German Reich; -to determine the level of savings in relation to the gross domestic product (GDP) for the period set by the author. Considering that two studies, those by Sympher and Heubach, concerned with the rivalry between rail and waterway transport were available, the author analyzed the year of 1985; -to compare the results produced (for the year 1985) with the author's previous findings presented in his work Wpływ kolei żelaznych na wzrost gospodarczy Niemiec (1840 Niemiec ( −1913 [The impact of railroads on German economic growth (1840−1913) ] (Myszczyszyn 2013a) and with the results calculated by other authors.
Another important aim is to promote the work of new economic historians considering the fact that the achievements in the field of the paradigm mentioned earlier have been rather limited in Poland (Pomorski 1986; Matera 2015; Guzowski, Poniat 2015) .
Take-off and Germany's economic growth (1850-1913). Railroad development
Germany was the last European country to embark on a path to rapid economic development (take-off) in the mid-nineteenth century. Politically divided, impoverished and backward, German nations founded, under the aegis of Prussia, German Custom Union, which manifested their economic integration. With the war against France won, they created the German Empire (1871) which competed effectively with France, England and the USA on an economic level (Myszczyszyn 2011) .
The gross domestic product (GDP) expressed in constant 1913 prices grew from M 11.4 billion (1850) to 56,8 billion (1913) thus producing an average growth rate at 2.53% over 1850-1870, while the years following Germany's unification saw this rate at 2.75%. Moreover, the GDP per capita expressed in constant 1913 prices grew from M 338 (1850) to M 874 (1913) , with an average annual growth rate between the years 1850-1870 being at 1.76%, and at 1.5% throughout the years . Germany was at the forefront of the economic change faced by the European continent.
To return to the development of railroads, the German nations (including Prussia) were initially (in the 1830s) reluctant to involve public funds in the 182 development of this mode of transport -railroads were therefore built through the private sector and local communities. It was only in the mid-nineteenth century that the government authorities began to initiate and finance new railroads on a greater scale, with the 1870s seeing the commencement of the process to nationalize the then private railroad.
Despite the low profitability of some of the railroads (areas scarcely populated and under-developed), the annual rate of increase of new railroads across the German nations over the years 1850-1875 was at 5.8%, falling to the level of 1.83% after 1880 (Statistisches Jahrbuch für das Deutsche Reich 1880-1914). The year 1913 saw the length of the railroads at 61 159 km. What also grew quickly was the rail network coverage-in the year 1895 which the author analyzed it was 83.6 km railroads per thousand square kilometers, whereas in the wake of the German unification it was only 40.1 (1871) (Figure 1 ).
Equally interesting and further attesting to the rapid growth of the rail sector is the comparative analysis of the volume of rail freight (in million tkm) and passenger (million pkm) transport against the GDP index per capita (1913=100) (Figure 2 ), as well as the comparison of the GDP index per capita against the indices of rail freight and passenger transport (Figure 3 ). In the year 1895, the railroads had the following capacity: 26.6 billion tkm (cargo); 19.9 billion pkm (persons).
The conclusion that can be drawn easily is that one ought to contribute the greatest growth dynamics to the rail freight transport although during the initial stage of the rail network development (up to 1870) it was the passenger transport index that grew visibly faster.
The analysis cited can be seen as evidence for recognizing the rail sector as the leading one in Germany although the rate of increase as regards new railroads from the 1880s to the outbreak of World War One was relatively low (1.1-2.3% annually). What, however, proved to be important for the development of local railroads was the expansion of the railroad of the third order (Kleinbahn-narrow-gauge railroad). Those railroads were critical for the local transport growth, while additionally the legal regulations in place made it possible to build them at a substantially low cost, although their vast majority failed to make any profit (Myszczyszyn 2015) . Source: author's own calculations based on: Statistisches Jahrbuch fűr das Deutsche Reich, 1885 Reich, -1913 Hoffmann (1965); Fremdling (1985: 17-19) ; Myszczyszyn (2013b: 179-191 Source: author's own calculations based on: Statistisches Jahrbuch fűr das Deutsche Reich, 1885 Reich, -1913 Hoffmann (1965); Fremdling (1985: 17-19) ; Myszczyszyn (2013b: 179-191 ).
The analysis of the above statistical data and the analysis which the author conducted at an earlier time confirm that at the end of the nineteenth century Germany was, in Europe and globally, at the forefront in railroads expansion, and consequently, in their length and coverage (Myszczyszyn 2013b) .
Emergence and development of the concept of social savings
A leading representative of new economic historians, Fogel presented the concept of social savings in 1962 in a scientific paper A quantitative approach to the study of railroads in American economic growth. A report of some preliminary findings (Fogel 1962: 163-197) . He elaborated on the issue of social savings in his book from 1964 Railroads and American economic growth. Essays in econometric history (Fogel 1962) . In 1979 in his paper Notes on the social saving controversy, Fogel wrote "I defined the social savings of railroads in any given year as the difference between the actual cost of shipping goods in that year and the alternative cost of shipping exactly the same bundle of goods between exactly the same points without the railroad." (Fogel 1979: 2-3) .
The social savings methodology is based on estimating the savings produced by a new technology compared to another (traditional) technology. The savings on resources is compared to the gain in real national income. Social savings tend to be expressed as a percentage of the gross domestic product (GDP), gross national product (GNP), net national product (NNP). The method used to calculate social savings is illustrated below, assuming that the demand curve DT is perfectly inelastic (rigid demand) and also when the demand curve is elastic DT1 (Figure 4 DT -rigid demand for services, e.g. transport service, DT1 -(elastic) demand for services, e.g. transport service, SC -supply of alternative transport services (without railroads), SR -supply of alternative transport services (including railroads), RC -social savings from innovation, Rr -resources spent on transport (with railroads).
As O'Brien notes, counterfactual reasoning "can be used if reliable alternatives are available and which in addition have to be adequately defined" (O'Brien 1977: 23) . This is why the premise of the social saving concept proposed by R. Fogel was that social savings brought about by the expansion of railroads were most frequently confronted by having them compared to waterways networks.
As Fogel assumed, the capital necessary for the rail network to expand was equal to normal profits (normal profits were equal to alternative costs). Moreover, Crafts notes that the social saving approach is also a practical method to calculate total factor productivity (Myszczyszyn 2013b: 161, 179-191) .
In the social saving accounting, one defines what costs society would incur if there was no innovation, with the post-innovation demand. Hence, it can be given as:
Social savings = (Ct-1 -Ct) Qt where: C -marginal cost (assuming that costs are proportional to production, the marginal cost is the same as the average cost), Q -total quantity, t-1 -pre-innovation time, t -post-innovation time. Assuming that the market is fully competitive, market prices can be viewed as the cost measure, then social savings are defined as:
Social savings = (Pt-1 − Pt) Qt where: Pt-1= price of an alternative transport mode, e.g. inland waterways transport, Pt= price of rail transport, Qt= the quantity of goods transported by rail (e.g. tkm -ton-kilometer)
The assumption referring to the market competitiveness is deliberate since the data on costs, unlike on prices, are usually unavailable or very difficult to acquire. The only thing that needs to be recalled is that according to the microeconomic premises, prices, over a long period of time and with perfect competition, equal costs (companies make only normal profit). For rail transport, this is a very strong premise that is hardly justified in practice.
Fogel also created an upper bound estimate of social savings assuming that transport demand was perfectly inelastic.
Fogel's calculations showed that social savings of the rail sector in the USA (1890) were only at 1.8% of GDP. This finding and Fogel's theses came as a considerable surprise to the scientific community. Fogel's methodology, as a counterfactual methodology, has been used in some countries with a view to estimating the influence of railroad on economic growth. Those calculations are presented in the present author's work (Myszczyszyn 2013b) . For instance, social savings from the rail sector (including freight transport) were at 4.1% of GDP in England and Wales (1859), 11% (1890); Brazil 19-38% (1913); France 5.8% GDP (1872); Spain 7.5% (1978) .
However, the data cited above as regards social savings cannot be seen as clear indicators for the involvement of railroads in generating economic growth in any given country considering the following:
-the social savings calculations that are available in the literature refer to different countries, different years, and were conducted using a variety of methodologies, and, in the light of the fact that some data were unavailable, those estimates may be unreliable and so drawing clear conclusions may be flawed, -the value of social savings may be substantially smaller if we assume that price elasticity of demand is high. In such case the falling prices, in line with the elasticity concept, lead to increased demand (and vice-versa), which is why Leunig advocates using consumer surplus for the analysis of the impact exerted by the development of technology.
According to Fogel, the social saving methodology entails calculating savings in any period investigated while determining the difference between the actual cost of e.g. freight, passenger transport in this year and the alternative cost, e.g. using inland waterways for transporting exactly the same amount of goods, number of people. Thus, the railroads are theoretically eliminated.
The figure illustrates the demand for transport while assuming that it is either rail transport that is taken into consideration (SR) or only an alternative mode of transport (SC). In the case that is typical for the social saving concept one should determine total expenditures (revenue), that is an RC area, which would denote possible savings in the economy as a result of the rail sector development, and then to refer those savings to the GDP level.
In summing up, one should emphasize that, notwithstanding the criticism directed at the calculation of social savings, in the case of the rail sector this indicator has become a valid element in defining the effects of an innovation which in the nineteenth century the railroad expansion embodied.
The consumer surplus concept
Fogel's social saving concept faced considerable criticism. This comes as no surprise given that in the USA one of the major innovations of the nineteenth century, that is railroad, was characterized by a relatively low rate of social savings.
In the wake of Fogel's publication, Boyd and Walton (1972) questioned the advisability of calculating social savings based on the assumption that the elasticity demand coefficient was equal 0. This implies that demand is rigid, failing to respond to price changes. In principle, one can recognize that social savings estimated in this way determine, in line with Fogel's reasoning, an upper bound estimate of savings.
The research on econometric estimates of price elasticity of demand for passenger transport which Boyd and Walton conducted after the Second World War brought them to the conclusion that this indicator was equal |1| (unit demand). Hence, consumer surplus could be called the total financial gain of all consumers who would be willing to purchase one unit of a given good at a price that is higher than the price of market equilibrium PR. The exact size of this measure depends on the shape of the demand curve, which as a rule is characterized by a negative slope (Greasley, Olexey 2011; Myszczyszyn 2013b: 175-179) .
This can be illustrated algebraically as follows:
where: ΔCS -change in consumer surplus,  -a parameter determining the demand curve slope, Q -quantity, t -post-innovation time, t-1 -pre-innovation time. In order to determine the relationship between the social saving, and consumer surplus and the assumption that Qt = 1, we obtain:
With such construction of the equation there are, depending on parameter  , three different categories, namely with the parameter assuming the following values:
If  >1, then we consider Giffen goods for which the demand curve has a positive slope (which is rather exceptional) and then the quotient SS CS  >1. This would mean that the fall in the price of a product is accompanied by the fall in its consumptionthe income effect outweighs the substitution effect. Then the quantity Qt multiplied by the price would be smaller than Qt-1 multiplied by the price before launching the innovation. For Giffen goods, the social saving SS would be smaller than consumer surplus CS. If  = 1, then the demand would be perfectly inelastic. This means that the social saving SS would equal the consumer surplus CS.
The third possibility, if  <1, then SS CS  <1, which means that the social saving SS is higher than the consumer surplus CS, and this can be the most probable alternative.
If the demand and price are normalized, in other words, Qt = Pt = 1, then we can assume that Q = P e where: e -demand elasticity. Seeking to determine consumer surplus, one can use the following equation (an increase in consumer surplus is related to Q, while taking into account P):
) P P ( e dp P CS As Fogel argued, even for a very inelastic demand curve for freight and passenger transport ( e = -0,4), the calculations based on the assumption that elasticity equals 0 may imply that SS CS  will change by even 46% (Fogel 1979: 11-12; Myszczyszyn 2013b) .
Seeking to achieve the research objective, the present author used various degrees of demand elasticity against elasticity e=-1,38, estimated by W. Hoffmann for transport expenditures. In the case of Germany, the elasticity degree of demand for transport expenditures changed considerably over the years , just like the total of expenditures which households allocated for this kind of purchases. As 
Results
Using the above assumptions, the author estimated social savings for rail freight, omitting passenger rail transport and the railroad of the third order.
Two alternatives were assumed for the rail freight -the equations 1) and 2) shown below.
In order to calculate the social savings from the first equation, the author used the source data derived from Sympher's work Die wirthschaftliche Bedeutung des Rhein-Elbe-Kanals (Sympher 1899) formulating the following equation: 1) Pt=0.6PW+0.3PK+0.1PP where: Pw -the rate for inland waterway transport determined based on the rate of average inland freight (applying the different rates for the four major waterways (river basins such as the Rhine, the Elbe, the Oder and the Vistula) which were at 1.65pf/tkm (Sympher 1899: 38-39) ; 2 PK -the rate for inland waterway transport (canals), the rate of freight water transport was assumed to increase by 0.5 pf/tkm (Myszczyszyn 2013b) ; PP -the rate for horse drawn transport (wagons) was set at 40pf/tkm. It was assumed that the value of rail transport in 1895 was at 483 million M (Hoffman 1965).
3
The results published at an earlier date referring to the first equation induced the author to formulate equation 2). To this end, the author used Heubach's study -Die Verkehrsentwicklung auf den Wasserstrassen und Eisenbahnen des Elbe=Odergebietes in dem Zeitraum von 1882-1895 (Heubach 1898) .
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Across the Oder-Elbe waterways, including the so called March route (1895), 9.2 million Mt (9 271 million tkm) were transported by rail and waterways in total, which accounted for 34.85% of the overall inland transport of the German Reich. The average length of the rail route was 117km, while for waterways it was 335km (Heubach 1898: 24-25) . The assumption was that 50% of transport would be by using natural waterways, 30% by artificial waterways (e.g. canals), and 20% by roads using horse drawn transport (wagons).
2) Pt=0.5PW+0.3PK+0.2PP where: Pw -the rate for inland waterways transport, determined based on the rate of average inland freight (applying the different rates for two waterways (the OderElbe river basins) at 1.5pf/tkm as the highest rate (the highest cost of brown coal freight on the Aussig-Magdeburg route), and having taken into account the fact that the waterways transport was on average 25% longer for the same distance as compared to the rail transport, it was assumed that the average cost of freight would be at 1.9pf/tkm) (Heubach 1899: 56-57, Tafel V). PK -the rate for inland waterways transport -artificial sections (e.g. canals), it was assumed that the freight accounted for 75% of rail freight, that is (3.06 pf), that is, 2.0 pf/tkm (Heubach 1899: Tafel V), PP -the rate for horse drawn transport (wagons) was set at 40 pf/tkm. The value of rail transport in 1895 was calculated by multiplying the average price for rail freight 3.6 pf by rail transport, which resulted in 813.96 million M. The calculation results are illustrated in Table 1 . The social savings from the rail sector (freight) were at the following level:
-2.82% of GDP according to the first equation; -5.04% according to the second equation. Such results confirm that the role of railroads seen through the prism of the social savings ratio to the GDP level was relatively minor. This finding also justifies the cause and the reason prompting German researchers (Fremdling, Tilly, Pierenkemper and others) to focus rather on defining the importance of railroad as a key sector through the effects that go forwards and backwards (Vorwärtskopplungseffekte, Rückwärtskopplungseffekte), disregarding the level of investment outlays on railroad expansion at a time when waterways transport was definitely less expensive (Fremdling 1985; Pierenkemper, Tilly 2004) . It should be noted that the social savings calculated by the author amounted to 2.08-2.32% of GDP in 1909 (Myszczyszyn 2013b: 175) . Indeed, the rail transport had economic effects which would go "backwards" and "forwards" stimulating the development of other German industries. The development of railroads itself together with the German Custom Union, in Germany's conditions, also exerted a substantial impact on the integration and unification of the nations divided politically. Still, the success and economic development of Germany was also influenced by plenty of other factors, such as increased industrial production, chemical industry development, agricultural progress, reduced illiteracy, etc., as well as the state's involvement in the economic processes.
In the subsequent step, the author showed, using different degrees of elasticity of demand, the quantity of social savings while taking into account consumer surplus for the rail sector ( Figure 5 ).
The savings demonstrated by the author in relation to the GDP level (1895) were only at 1.27% of GDP (assuming that the demand elasticity ratio was at the level e= -1.381) for the first equation and 2.18% of GDP for the second equation. It should be noted that the social savings which the author calculated for 1909 were at 1.53-1.58% of GDP (Myszczyszyn 2013b: 179) .
194
These calculations (and the previous ones for the year 1909) further confirm how important the elasticity of demand is for the innovation under study. Assuming that demand is inelastic, social savings may prove to be relatively high, while for elastic demand they may be considerably lower.
Assuming that demand for transport was relatively elastic, that is, the demand curve was not rigid, then consumer surplus would automatically become much lower than the social savings calculated, and for the year 1895, assuming that the demand was rigid, the surplus oscillated within the 1.27%-2.18% range in relation to the GDP. 
Summary
The analysis of the social savings from Germany's rail sector for the year 1895 allows for drawing the following conclusions:
 the growth pace of rail transport in German nations and (later on) in the German Reich was very impressive although the waterways transport was not pushed to the sidelines of those changes. The emergence of a new transport mode coupled by a fast increase in production potential allowed for the development of trade, also stimulating the development of other industries (e.g. machine industry, iron industry). Moreover, railroads revolutionized the market of mass passenger transport and postal transport;  the rail transport was not cheap compared to alternative modes of transport (e.g. inland waterways transport). For instance, in the case of Prussia the average fee for rail freight transport should not be lower than 2.2 pf/tkm. This level assured viability of the rail transport. Sadly, the state would often bring lower fees which it justified by the higher need (cf. Grotewold 1914: 17-19, 305, 393) . Still, this also yielded positive effects as the difference in the transport costs allowed for the inland transport to further develop. As Voss suggests, the development of railroads itself did not imply the reduction of transport costs. The rail transport cannot therefore be viewed as a substitute for the inland transport at the time in question. Despite the rapid development of the rail network coverage, the share of the waterways transport in relation to the rail transport grew from 21.1% to 24% (Voss 1960: 62-63) . However, this rapid economic growth (including the development of industry) allowed for using the (innovative) rail transport on a large scale.
 for the expansion of railroads substantial investment had to be incurred which could otherwise have been allocated for other economic activities, including the expansion of canals, river regulation, development of areas with low economic activity, and, first and foremost, constructing new road and improving the condition of the already existing hard paved roads (Myszczyszyn 2015) . The most telling fact (among other things, in the context of the lack of financial resources) is the planning for over fifty years of the construction of the Rhine-Elbe canal. Despite Karl von Thielen's statement, who was then the Prussian minister for public construction works, that the inland waterways transport was to be seen as a partner of equal importance to railroads, the rail transport had in fact been considerably privileged (Heubach 1898: 42) ;  the fee policy in rail transport was often unstable and lacking uniformity ultimately leading to the use of other alternative (cheaper) modes of transport, which inland waterways frequently represented;
 the subsequent development of wheeled transport confirmed the thesis that some portion of the railway network, even though being profitable, had to be removed in the wake of such new technology as vehicle transport which made railroads unviable. Nevertheless, the new rail sections unviable for the eastern provinces, which tended to be under-developed, brought about a new wave of economic recovery. Neither should one forget the importance of the third order railroads for the development of local markets (e.g. the Prussian province of Pomerania);
 the expansion of some of rail routes was dictated by military and political considerations, being questionable, to say the least, from an economic point of view;
 owing to economic effects (forwards and backwards), rail transport influenced the demand and development of numerous areas of national economy, delivering a transport that was more secure, on time and less dependent on the forces of nature;
 the railroad development allowed for transport in regions where waterways were developed poorly, watercourses were not navigable or their condition was such as to render bulk transport impossible. On top of that, given that the common course of rivers was in south-north, there were no transport links in east-west, and considering the shape of the German Reich border, that proved to be of particular relevance;
 in addition, rail sections between industrial centers tended to be shorter than the natural river courses, which ultimately led to having to pay more (even at a lower fee for 1Mt) for the same volume of goods using the inland waterways transport.
The analysis of social savings of railroads in Germany illustrates the relatively law value of this indicator. The results elicited confirm that alternative modes of freight transport (in this case water transport) were in many instances less expensive, which, however, does not yet mean that the emergence and expansion of railroads had no impact on economic growth and its pace, which is further corroborated by the econometric model built by the author (Myszczyszyn 2013b) .
Moreover, despite its limitations, the social saving concept, (the ratio of price elasticity of demand equals 0) together with consumer surplus can be employed successfully in estimating the effectiveness of technological novelties supplanting previous solutions. At this point, what proves crucial is to estimate not only savings as a fraction of GDP, but also to define the degree of elasticity of the demand curve.
As the author showed, social savings can be relatively high assuming that the demand is rigid, as then it is only the upper bound estimate of the savings produced. As a result, by taking into account the level of elasticity of demand, the impact of technological novelties on economic growth may be quite radically reduced. If it turns out that demand is elastic, then consumers will respond strongly to the change in price (ceteris paribus), which can lead to a lower demand for new good and substantially reduce social savings from launching a novelty over a specific period of time.
